MULTIPLE CHANNEL RECORDING OF THE
ARTICULAR CRACK ASSOCIATEDWITH

MANIPULATION OF THE

METACARPOPHALANGEAL JOINT

An Observational Study

JOHN W REGGARS b.c.,M.chiro.Sc.*

Abstract:

Background: The audible release or cracking sound
associated with spinal manipulation is familiar to
practitioners of spinal manipulativetherapy. Furthermore,
some authors believe the articular crack to be at least in
part responsiblefor the therapeutic benefitsderived from
spinal manipulativetherapy. Although someresearch has
been directed towards the investigation of some aspects
of this phenomenon, little research has be conducted in
order to establish from which side and vertebral level the
audible release occurs during the manipul ative process.
Objective: To assess the reliability and accuracy of
multiple surface mounted microphones to detect the
audible release of the target joint during manipulation of
the third metacarpophalangeal joint.

Design: Observational study.

Setting: Private practice of chiropractic, Ringwood,
Victoria, Australia.

Participants: Twenty volunteersrecruited from staff and
patients of the private practice of chiropractic.

Method: Eight omnidirectional microphoneswere affixed
to the palmar surface of the hand. Microphone No.1 was
positioned directly over the third metacarpophalangeal
joint while the remaining microphones were arranged in
a uniform pattern over the palmar surface of the hand.
Manipulation in the form of long axis traction was then
applied to the third metacarpophalangeal joint. Where
an audible release was associated with the manipulation
the resultant signal swere captured viacomputer and stored
for later analysis.

Main Outcome Measure: A difference of greater than
one volt in peak amplitude between the microphone
positioned over thetarget joint and the other microphones.
The student'st-test was then applied to the datain order
to determine if the mean output of the target joint
microphonewas statistically different to the mean output
of the other microphones.

Results: A total of eighteen manipulations resulted in
nineteen audible release signals. The mean voltage of
channel 1 was consistently greater than all the other
channelsin this group of subjects. This difference was
statistically significant for all the channels.

Conclusion: Thisresearch suggeststhat multiple surface
mounted microphones are capable of consistently
detecting the audible release from the target joint, with
mani pulation directed to the third MCP joint. Itishoped
that this method will be able to be applied to the audible
rel ease associated with spinal manipulativetherapy and a
better understanding of the manipulative process will
ensue.

*  Private Practice,
33 Wantirna Road.
Ringwood, Victoria, Australia. 3134.
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INTRODUCTION

The articular crack associated with spinal manipulative
therapy (SMT) is familiar to most practitioners of that
discipline and is regarded by some to be a sign of a
successful manipulation and the difference between
manipulation and mobilisation ®. Others place little
significance on the joint crack, however most agree that
if nothing else it suggests that the joint surfaces have
indeed been separated ¢4. Based on earlier research on
manipulation of the metacarpophalangeal (MCP) joint -
7, it appears that the audible release is associated with a
rapid separation of thejoint surfacesand cavitation within
the intra-articular fluid. Furthermore, it has been
hypothesised that the audible release or sudden joint
separation may bethe mechanism responsiblefor initiating
certain reflex responses associated with SMT ®),
Regardless of any therapeutic benefit, from clinical
experience, many patientsand practitionersalikefeel less
than satisfied if amanipulative procedurefailsto elicit an
audiblerelease ©).

Theinterpretation of joint soundsfor diagnostic purposes
probably dates back to prior 1848 and is mentioned in
Laennec's treatise on mediate auscultation . With the
development of the stethoscope these sounds could be
amplified to an audible level, but it was not until the age
of the personal computer and modern advancements in
thefield of electronicsthat any worthwhileresearch could
be undertaken. Basically, two different techniques have
been employed to capture the joint crack signal,
microphonesand piezoel ectric accelerometers. However,
with respect to the recording of the audible release
associated with SMT, the majority of earlier research has
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concentrated either on sound spectrum analysis or on
force/time relationships to the cavitation process 114, If
the audiblereleaseisanimportant part of the therapeutic
effect derived from SMT there are some obvious benefits
in determining from which side and vertebral level the
sound emanates from during the manipulative process.

Earlier research to determine the origin of the joint crack
sound hasfocused onthe MCPjoint, asthisjointiseasily
manipulated, and is able to be imaged through the joint
plane during the manipulative procedure. The purpose
of this study is to determine the consistency of multiple
surface mounted microphonesto detect theaudiblerel ease
of the target joint during manipulation of the third MCP
joint.

The aim of this project was to demonstrate that multiple
surface mounted microphones are capabl e of consistently
identifying the target joint with respect to manipulation
of the third MCP joint.

MATERIALS AND METHODS

Twenty subjectswererecruited from the staff and patients
of a private chiropractic practice to undergo manual
manipulation of the MCP joints of both hands. The
manipulative technique was in the form of long axial
traction to the third MCP joint. The operator's left hand
grasped the subject'sdistal forearm, to stabilisethe hand,
whilethe proximal third phalanx was gasped between the
first and second fingers of the operator's right hand. A
gradual traction forcewasthen applied with the operator's
right hand to the target joint until an audible cracking
sound was produced. This technique is similar to that
employed in some previous studies on manipulation of
these joints*57, Prior totheprocedure, informed consent
to participateinthisstudy was obtained from each subject.

Prior to the manipulation, each subject had affixed to the
palmar surface of the hand eight Realistic Electrec
Condenser omnidirectional microphones, with afrequency
response of 50-15000 Hz and sensitivity of -72dB +4dB,
(Tandy Electronics, Chadstone, Victoria). Each
microphone was colour coded and numbered from 1-8 to
correspond with each recording channel. Microphone 1
was placed over the third MCP joint while the remaining
seven microphones were arranged on either side of
microphone 1, distally to proximally, with microphone 8
being affixed over the carpal joints(Fig-1.2&3),

The microphones were calibrated using a Type 1562-A
sound level calibrator, (General Radio, Concord,
Massachusetts, USA), and later adjusted, via computer
software, to adifferential of 11/100ths of avolt. In order
to minimise skin friction noise and other artefacts the
microphones were mounted in a modified plastic suction
cup (Romak Hardware Distributors (Aust) Pty. Ltd.,
Bayswater, Victoria, Australia) and attached to the skin
viadouble sided adhesive discs (3M Australia Pty. Ltd.,
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Figure 1. Microphone placement on left hand.

wralelde' N amAba bl ian®d daie I | §

Figure 2. Microphone placement and pre-amplifier.
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Glen Waverley, Victoria, Australia). To avoid direct skin
contact, the microphoneswere positioned inside the cups
approximately 2 millimetres from the contact surface.
Each mounting cup was vented viatwo 2 millimetre holes
drilled into either side of the cup, between the contact
surface and the microphone. The microphones in turn

were connected to eight shielded, stereo pre-amplifiers,
Cat/No 576237, (Videotronics Pty. Ltd., Box Hill,
Victoria, Australia) which were connected to aDT34-EZ,

12-hit 250kHz, eight channel data acquisition board (Total
Turnkey Solutions Pty. Ltd., Coburg, Victoria, Australia).

Captured signals were then processed on an IBM

compatible personal computer at 25,000 samples per
second, per channel, and stored and displayed via a
customised software program HP Vee5 (Hewl ett Packard,
Victoria, Australia).

The computer hardware and software equipment enabled
each joint crack to be simultaneously recorded for each
channel. Each joint crack sound wave form was then
analysed via the computer software in the time and
amplitude domainsto determine and compare the greatest
amplitude of all eight recorded channels.

In this study channel 1, over the target MCP joint, acted
asthetreatment group and all the other channelsacted as
the controls. The statistical analysis employed the
student'st-test to determineif the mean output at the target
joint microphone was statistically different to the mean
output of the other microphones. With 15 subjects, the
study has approximately 95% power to detect asignificant
student's t-statistic at the 5% significance level.

RESULTS

Twenty individuals were recruited for the study and
subjected to the manipulative and recording protocol on
either hand. Of thesetwenty subjects, only nineproduced
an audible cracking sound when manipulated and three
of these subjects were re-manipulated, with a minimum
of three days between manipulations. Audible cracking
sounds were recorded in both hands with six subjects,
while manipulation of the remaining six subjects only
resulted in a cracking sound being produced from one
hand. A typical eight channel wave form of the recorded
joint crack is displayed in Figure 4. Further, a single
manipulation of one subject resulted in two distinct
cracking sounds from the same joint. In total nineteen
individual cracking sounds were produced and recorded
for later analysis, the raw data of which is presented in
Table 1.

Theresultsof the statistical analysisare presentedin Table
2. Themean voltage of channel 1 was consistently greater
than all the other channelsin thisgroup of subjects. This
differencewasstatistically significant for all the channels.
The mean difference of all the channels compared to
channel 1 was 3.45 volts. However, the peak amplitude
of thirteenjoint crack recordingswere"clipped” indicating
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Figure4.

Vol

Subject 1 2 3 4 5 6 7 8
408 045 04 018 014 012 112 071
129 025 025 01 02 016 002 002
421 061 055 004 037 042 013 007
421 048 055 005 007 005 005 004
347 048 05 005 005 03 015 025
424 066 032 005 008 005 01 026
366 028 109 004 014 008 007 015
. . 033 004 005 009 016 193
424 041 126 004 004 016 035 079
428 052 164 005 005 013 031 09
43 054 031 004 005 009 03 009
415 034 062 004 004 022 093 035
13 43 038 141 032 031 025 042 047
14 43 117 08 049 02 04 025 028
15 1% 014 017 012 006 011 007 032
16* 424 051 136 043 036 043 043 351
17 43 048 142 071 02 014 015 051
18 302 029 025 01 007 007 009 017
19 429 051 092 042 026 014 015 038
Mean 382 046 075 017 014 018 028 0.59

* Secondary crack from single manipulation
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Table2.
Channels Mean 95% Cl Std t Statistic
difference Error *

1&2 335 299-372 0.17 19.29
1&3 307 271-343 0.17 18.09
1&4 364 324-4.04 0.19 19.19
1&5 367 326-4.08 0.19 1899
1&6 364 323-404 0.19 1893
1&7 34 315-393 0.18 19.26
1&8 323 273-373 0.24 13.46
Mean 345

* All t Statistics p<0.0001

that they had exceeded the maximum potential amplitude
of the recording hardware.

DISCUSSION

The cracking sound associated with joint manipulation
has for many years been of interest to many researchers,
including somewith nointerest in manual therapy. Based
on an original investigation of thisphenomenon by Roston
and Haines 19, Unsworth et a ©® using human subjects
and amodel constructed to simulatethe M CPjoint, applied
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axial traction to the joints and models to produce the
familiar cracking sound. These researchers observed a
radiological areaof high density withinthe joint spacein
only those joints, which when tractioned, produced an
audible cracking sound. They hypothesised that the
cracking sound was due to cavitation within the intra-
articular fluid. Asthetraction forceincreased acrossthe
joint, thejoint volumeincreased and thejoint fluid partial
pressure decreased, causing the intra-articular gases to
bedrawn out of solution, creating the gasbubbleand which
represented the areaof high density ontheradiograph. A
subsequent net flow of fluid into thislow pressureregion
collapsed the gas bubbl e, producing the audible cracking
sound. Watson et al 9, using high speed cineradiography
to investigate the cracking sound, demonstrated the
formation of a gas bubble in less than 8.3ms, when a
traction force was applied to the joint and that after the
crack there was a significant increase in the joint space.
Morerecently Mierau et al @ using aseries of radiographs
taken prior to and post manipulation of the third MCP
joint demonstrated that a radiographically visible gas
arthrogram was present after thejoint was manipulatedin
39 of the 42 joints that produced an audible crack.

The audible release or joint crack is thought by many
authorsto beresponsiblefor at |east part of thetherapeutic
benefit derived from SMT procedures®”19. Themajority
of theempirical evidencerelating to thetherapeutic effects
of the audible release associated with SMT, has in the
main been founded on earlier research relating to joint
cracking from manipulation of the MCP joints (5 20,
Sandoz 9 states that after the joint crack thereisagain
in the range of movement, which is not limited to the
direction of manipulation. Mierau et al () compared
manipulation with mobilisation of the MCP joints and
found that manipulation, accompanied by a cracking
sound, resulted in a significant increase in passive joint
flexion.

Although the exact mechanism responsible for the
cracking sound has not yet been established @V, it is
generally accepted, with respect to manipulation of the
MCPjoint, that whatever the cause, the soundisgenerated
from within the manipulated joint. Unfortunately there
hasbeen very little research with respect to, how and from
where the cracking sound associated with SMT is
generated. Herzog et al ? using accelerometersand high
speed cinematography, to measure relative bone
movements during SMT, to the T12 vertebrae of a post-
rigor mortis cadaver, detected a cavitation sound from
one of the manipulative thrusts applied to T12. Asthe
accelerometer was affixed to the spinous process of the
T12 vertebraetheauthors suggested that it most probably
emanated from either the facet joints at the T11/T12 or
T12/L 1 vertebral level. Reggarsand Pollard®® conducted
an observational study, using surface mounted
microphones, to determine the side of the joint crack in
response to side specific diversified rotary manipulation
of the cervical spine. Their research suggested that that
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side of the audible release occurred on the side to which
the neck was rotated and not on the side to which the
manipulative thrust was applied.

Cassidy et a @ criticise any technique that employs a
"shotgun approach”. In reviewing previous studies of
spinal manipulation they are critical of the criteria used
to select the level and direction of the manipulative
treatments. They statethat in somestudiesthemanoeuvres
are applied non-specifically and that in such casesit is
possible that the direction and level of the manipulation
iswrong. Furthermore, Haldeman®® hasstated that " The
large variety of techniques within the field of spinal
manipulation have different therapeutic goals and are
administered according to different biomechanical or
physiologic principles'. Therefore, in order to better
understand the manipulative process further research
should be undertaken and directed toward determining
fromwhat side and vertebral level the audible release will
occur during any given SMT technique. Such
understanding may lead to SMT being more specific and
inturn may result in better health outcomesfromimproved
technique modification.

The current study suggests that during manipulation of
the third MCP joint a skin surface mounted microphone
positioned over thetarget joint iscapabl e of consistently
identifying the audible release of that joint. Furthermore,
it appearsthat the sensitivity of these microphonesissuch
that they are capable of consistently identifying theaudible
release of the manipulated joint at relatively small
distances from each other, given that at |east two of the
other microphones were positioned approximately 3cm
on either side of the target joint microphone. The
sensitivity of these microphones may in fact be greater
than this research suggests as thirteen of the recorded
signals from the target joint microphone were "clipped".
Therefore, it isnot unreasonabl eto assume, that for these
recordings, the peak amplitude difference between channel
1 and the other channels was indeed greater than what
was recorded.

It is also worthy to note that for the one manipulation
which produced two distinct cracking sounds, both the
target joint microphone signals were significantly higher
in amplitude than those recorded from the remaining
microphones. Thiswould indicate that one joint hasthe
potential for multiple joint cracks and may possibly
explain the multiple joint cracks detected in the study by
Reggars and Pollard 3,

Of further interest is that in three of the manipulations,
the microphone recorded signal with the second highest
amplitude emanated from the microphone most distant to
that of thetarget joint, and positioned over the carpal bones
of thewrist. Thisanomaly may be dueto thefact that the
soft tissues have a significant dampening effect on low
frequency vibrations. It is postulated that the bone
vibration associated with the cracking sound was
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transmitted directly along the third metacarpal bone to
the carpal bones, thus to some degree avoiding some of
this dampening effect.

Whether this protocol is applicable to and capable of
identifying the exact location of the audible release
associated with SMT remainsto be seen but it should form
the foundation for further research in this area.

CONCLUSION

This research suggests that multiple surface mounted
microphones are capable of consistently detecting the
audible release of the target joint with respect to
manipulation of thethird MCPjoint. Itishoped that this
method will be able to be applied to the audible release
associated with SMT and a better understanding of the
manipulative process will ensue.
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